The hydrogen exchange of coal tar and model compounds of coal tar with water was investigated using a tritium tracer method to elucidate the mobility of hydrogen in coal tar. The reactions at several temperatures in the thol and indole as model compounds of coal tar, it was proposed that only hydrogen in functional groups with hetgroup and imino group. It was found that the tritium tracer method was an efficient approach to elucidate the behavior of hydrogen in coal tar and to determine the content of hydrogen related to the functional groups with hetero-atom in coal tar.
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Introduction
Coal tar is produced during coal pyrolysis processes such as coke oven, flash pyrolysis, and hydroflash pyrolysis.
Coal tar is a complicated mixture which consists of a variety of compounds with different functional groups and with a wide range of molecular weight. The functional groups with hetero-atom in coal tar such as hydroxyl group, imino groups, etc. play a critical role in the pyrolysis of coal tar because they constitute the more polar fraction of coal tar and stabilize free radicals1),2). Consequently, it is very important to know the forms and contents found in coal tar for clarifying its very complex structure and for developing the conversion techniques of coal tar.
Generally, oxygen in coal tar is present mainly in the form of hydroxyl group and plays an important role in the pyrolysis of coal tar3). Nitrogen in coal tar is present mainly in the form of pyrrolic and pyridinic nitrogen. Fourier transform infrared (FT-IR) spectroscopy has been recognized as a useful technique to provide information about these functional groups with heteroatom in heavy hydrocarbons3)-8).
If a substance can be dissolved in a solvent such as CS2, good results can be obtained by estimating the absorbance for the specific band and by comparing it with that of a standard compound.
However, the solubility of coal is poor because it contains high molecular weight compounds. Recently, we have reported that tritium tracer methods are effective to quantify the mobility of hydrogen in coal and coal-related compounds under coal liquefaction conditions9)-13). In these works, we have performed the reactions of coals with tritiated molecular hydrogen in which hydrogen exchange and hydrogen addition were estimated quantitatively.
In our study, we investigated the reaction of Wandoan coal (subbituminous coal) with water, which can be regarded as a proton donor rather than a hydrogen-atom donor, to estimate the reactivity of hydrogen in coal13). In this study, we have reported hydrogen exchange reaction of coal tar and its model compounds with tritiated water and have proposed a new method to quantify the hydrogen in functional groups with hetero-atom.
Experimental Section

Materials
Coal tar used in this study was supplied from Nippon Steel Chemical Co., Ltd. and it was a typical high temperature coal tar produced in the production of blast furnace coke. Analytical data of coal tar are shown in Table 1 . Elemental analysis of coal tar was carried out using a CHN corder (Heraeus CHN rapid). For infrared measurement, coal tar was dissolved in CS2 and filtered the insoluble fraction produced.
FT-IR spectra of the coal tar solution were recorded on a * To whom correspondence should be addressed.
JEOL JIR-100. Phenolic oxygen and pyrrolic nitrogen were quantified by the absorbance of specific bands at 3590cm-1 and at 3460cm-1 corresponding to O-H and N-H stretching vibrations, respectively.
Phenol and indole were used as standard compounds containing phenolic oxygen and pyrrloric nitrogen, respectively. Tritiated water was purchased from Japan Isotope Association (185MBq/ml) and it was diluted with distilled water to 106dpm/ml. Naphthalene, 1-naphthol, and indole were supplies from Kishida Co., Ltd. (guaranteed reagents) and used without further purification.
All scintillator solvents for the measurement of radioactivity were purchased from Packard Japan Co., Ltd.
2.2.
Reaction Procedure Experiments were performed in a batch-type microreactor. A reactor was made of copper pipe (8 mm in diameter, 105mm in length), and 1g of coal tar and 1g tritiated water (initial radioactivity 106dpm) were added into the reactor, and after replacing its atmosphere with argon, the reactor was sealed. Hydrogen exchange of coal tar was performed in an electrical furnace whose range of temperature was 50-reaction, the reactor was quenched in water. The reaction mixture was separated into tritiated water and coal tar by decantation. Coal tar was dried under 1 Torr considered that the pyrolysis of coal tar would scarcely occur, because coal tar used in this study was a high temperature coal tar. The recovered ratio of coal tar attained was within 96-100%. Each tritiated water sample (0.4g) was dissolved into 14ml of a scintillator solvent (Monophase S), and the radioactivity of the solution obtained was measured with a liquid scintillation counter (Beckman LS 6500). After removal of the tritiated water in vacuum, coal tar was oxidized with an automatic sample combustion system (Aloka ADS-113R) in water to measure its radioactivity.
Reactions of model compounds with tritiated water were performed in a similar manner mentioned above. Radioactivities of the model compounds were measured by adding the compounds into a scintillator solvent (Instafluor for non polar compounds or Permafluor for polar compounds).
Calculation of Hydrogen Exchange Ratio
The hydrogen exchange ratio (HER) described in this paper means the ratio of exchangeable hydrogen in coal tar (Hex) to the total amount of hydrogen in the original coal tar (Htar). HER between coal tar and water was calculated by Eq. (1): Htar was calculated by the analytical data presented in Table 1 . The amount of hydrogen exchanged between water and coal tar (Hex) represented the amount of exchangeable hydrogen in coal tar and it was calculated by Eq. (2).
Hwater is the amount of hydrogen in water, Rtar is the radioactivity in coal tar after reaction, and Rwater is the radioactivity in recovered water after reaction. In Eq.
(2), it was assumed that the hydrogen exchange reaction between water and coal tar reached equilibrium. Thus, after the reaction, the ratio of the radioactivity in coal tar to the amount of the exchangeable hydrogen in the coal tar (Rtar/Hex) was equal to the ratio of the radioactivity in water to the amount of hydrogen in water (Rwater/Hwater). In a previous paper14), the isotope effect was regarded as small in these hydrogen exchange reactions, and it was ignored in this calculation. 
